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1. TRANSONIC SELF-STREAMLINING WIND TUNNEL DATA 
During the course of over two hundred and fifty test runs of 
the Transonic Self-Streamlining Wind Tunnel· (TSWT) at Southampton 
University UK2, twenty-four runs were performed with the flexible 
walls 'streamlined' around a two-dimensional NACA 0012-64 section 
of 4 inch (10.16cm) chord, over the Mach number range 0.3 to 0.89. 
The purpose of this report is to present relevant wall and model 
data for the streamlined cases. 
The practical interpretation of wall streamlining requires 
some explanation. Whilst the flexible walls can only be positioned 
within some tolerance set by experimental and theoretical 
considerations, good streamlining is achieved by reducing measures 
of wall streamlining quality below acceptable limitsl. For TSWT, 
these measures are:-
i) E for each flexible wall which is the average of the modulus 
of the imbalance in pressure coefficient between real and imaginary 
flows. 
ii) Residual interferences due to the flexible wall loading, in 
terms of induced angle of attack, induced camber and a streamwise 
velocity error at the model. 
Experience has shown that for good streamlining E should be less than 
0.01 and that none of the three components of the residual interferences 
should induce an error in the model CL greater than 0.008. 
From Table 1, it can be seen that for runs above approximately 
Mach 0.85, the flexible walls may not be good streamlines. However, 
they are the best the current wall s.etting strategy will allow,· 
based on linearised compressible theory. Although E was greater than 
0.01 for these runs, the residual interferences·were still acceptably 
small. 
'I'he summary of streamlined wall data in Table 1 gives further 
information on the operating experience with TSWT and the sUmmarised 
runs demonstrate the repeatability of results obtained using different 
streamlining 'paths' for Mach numbers up to 0.7 (as shown by data from 
Runs 72 and 63). Averages of four iterations from straight walls to 
streamlined walls and two iterations from contoured walls to streamlined 
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walls have been demonstrated. Either Mach number, angle of attack, 
transition strip or combinations thereof were changed from one 
streamlining cycle to the next. These changes were, in magnitude, 
typical of those which would normally be made during aerodynamic 
tests. 
For each run with the model installed listed in Table 1, the 
airfoil pressure distribution is tabulated in Table 2 and plotted 
in Figure 1 in the order shown in Table 1. The accompanying airfoil 
force and pitching moment coefficients are calculated from the 
integrated airfoil pressure distributions. In addition, all the 
Mach number distributions along the centreline of each flexible 
wall are plotted in Figure 2, together with wall contours in Figure 3, 
except for those runs marked with an asterisk. The wall contours 
shown are the effective aerodynamic contours, also called delta * 
contours. These are wall movements, positive up, corrected for 
changes in wall boundary layer displacement thickness between the 
run and the empty test section constant Mach number (straight wall) 
contours derived experimentally for a similar free stream Mach number. 
The geometric angle of attack a may not be related closely to 
aerodynamic angle of attack, and therefore changes in a may be more 
aerodynamically meaningful than absolute values. A summary of the 
normal lift curve slopes for the streamlined wall data is shown as 
Figure 16 in Reference 1. The TSWT data is not corrected for residual 
interferences. Similarly, the NASA reference data has not been corrected 
using conventional correction techniques for a ventilated test section, 
but the model to test section height ratio was 4.75. 
The Mach number distributions show reasonably well the extent of 
the regions of supercritical flow on each flexible wall at high 
transonic speeds, but there is evidently a need for more wall pressure 
tappings in the vicinity of the model. While the reflection of model 
shocks from the walls does not seem to be a problem, spark schlieren . 
pict~~es~ have shown the existence of significant shock wave/wall boundary 
layer interactions. 
Preliminary investigations have been made at Mach 0.89 of 
modifications to the flexible wall shape around the shock on the top 
wall, to take some account of the boundary layer thickening on the 
wall. A localised hollow was introduced into the top wall, the depth 
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of the hollow being determine'd by simple shock/boundar.y layer 
theory3(the maximum displacement was 0.03 inch (0.76 mm) ). 
This adjustment has produced favourable effects on the airfoil 
pressure distribution obtained earlierl in terms of a movement 
of the lower pressure surface shock forward by 5% chord and an 
increase in the pressure coefficients over the aft half of the 
upper suction surface by .05 to 0.1. See Run 224 data. 
There has been some effort to simulate in TSWT a portion of 
the imaginary flowfield above the test section, to assist with 
the development of imaginary flowfield computations. with an 
empty test section, the bottom wall effective aerodynamic contour 
was adjusted to match that of the top wall effective aerodynamic 
contour obtained from an earlier TSWT run with the model installed. 
The top wall was streamlined normally for each bottom wall shape. 
It was found that some further adjustment of the bottom wall was 
necessary to generate the required velocity distribution along 
the wall, apparently to allow for shock/boundary layer interactions. 
Localised hollows in the vicinity of the model have been used; the step 
increase in 0* at the shock was not extended downstream. Runs 208, 
215 and 219 generated the best velocity distributions along the bottom 
Wall for freestream Mach numbers of 0.89, 0.84 and 0.7 respectively. 
Note how the shock on the bottom wall in the imaginary flowfield 
simulation at Mach 0.89 is in good position agreement with the shock' 
in the real flowfield over the airfoil. 
Four sets of effective aerodynamic straight wall contours have 
been derived experimentally using an empty test section for Mach 
numbers of 0.3, 0.5, 0.7 and 0.9. For. these contours, allowances 
have been made for boundary layer growth on the walls, so that the 
velocity along the walls is near constant. For Mach numbers below 
0.7, the walls were adjusted entirely in accordance with wall setting 
strategy demands. At Mach 0.9 final wall adjustment had to be 
intuitive, since the local wall Mach numbers were very sensitive to 
wall movement and the wall setting strategy was inadequate. The Mach 
number distributions along each wall are shown for the Mach 0.3 and 0.9 
straight wall cases in Figure2.29.This plot illustrates the difficulty 
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in setting 'straight walls' at high Mach numbers, although Run 195 
data may not represent the best data possible. From Table 1, it can 
be seen that for both Run 30 and Run 195 curved flow was generated 
in the test section. It may prove necessary to eliminate this 
curvature to apply accurate model corrections for residual interferences. 
Most of the data in this report has already been summarised and 
1 discussed , but is presented here as a comprehensive library of 
numerical and graphical data which may ~rove useful to others engaged 
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STREAMLINED WALLS 
a a til '0 
o til O~ fl ~ j..f~ j..f~ til lIS 
"-I~ "-I lIS CII :l 
,g ! lIS ) 0\ o til . til ~ til aa~~ .~ 
0 . 5...., c::'O ec::~ )( III Z 0 o Q) .!: 0 lIS ~ fl CI c:: . tl z :;1-& ~ j..f U"-I U ~ CII ·0 ...., :l 0 ~ z ~ . ~"@ ~B ...., 
0\ ~ ~ -5 CII j..f CII c:: t:.ex t:.M :> t:.cL .... .... ~ ~ ~~ ~ 0 ,:J: j..f r.. H III H U ~ G 
1 184 4.0 0.890 - Three 0 0.02 .0138 .0034 Yes 
2 176 2.0 0.891 .- TWo 0 0.025 .0190 r.0021 Yes '. 
3 108(M) 0 0.866 - TWo 0 0.112 .0123 .0031 No 
4 168 4.5 0.846 - TWo 0.5 0 .0057 .0024 No 
5 170 4.5 0.849 - TWo 0 0 .0068 .0035 Yes 
6 172 2.0 0.848 - TWo 2.0 0 .0061 .0027 Yes 
7 162 2.0 0.839 - TWo 2.0 0 .0067 .0043 No 
8 100 2.0 0.84 - TWo 0 0.05 .008 .0072 No 
9 136 0 0.84 - One -2.0 0 .0082 r.0032 Yes 
10 ~19/96 2.0 0.81 - TWo 0 0.1 .0063 .0047 No 
11 ~88 (S); 0 0.796 - . TWo 0 -0.05 .0078 1-.0043 Yes 
12 1105 (M) 0 0.753 Three - - - .0072 0032 No 
13 *72 4.0 0.706 Four - - - .0062 0013 No 
14 *63 4.0 0.702 - TWo 1.0 0 .0035 0037 No 
15 *69 3.0 0.701 Four - - - .0045 0026 No 
16 *65 2.0 0.703 - One -2.0 0 .0043 .0049 No 
17 93 2.0 0.712 - One 0 0.2 .0075 0032 No 
18 122 0 0.698 - Three -2.0 -0.1 .0088 008 No 
19 115 6.0 0.506 - TWo 2.0 0 .0069 .0061 No 
20 112 4.0 0.507 - TWo 2.0 0 .0045 0051 No 
21 91 2.0 0.508 - One 0 0.2 .0045 0009 No 
22 109 2.0 0.504 - Three 2.0 0 .005 .0046 No 
23 105 0 0.506 Four - - - .0077 .0072 No 
24 89 2.0 0.306 Three - - - .006 .0047 No 
Special Remarks Cases 
25 *224 4.0 0.882 lRerun of Run 184 with local .0266 .0293· Yes 
~ollow in top wall. 
ETOP 26 *208 - 0.889 ~mpty test section upper 
imaginary flowfield simula- .0065 - -
don for Run 184. EAV 
27 *215 - 0.841 ~lowfield sim. for Run 162 .0058 
- -
28 *219 - 0.708 ~lowfield sim. for Run 72 .0052 
- -29 *195 - 0.899 Empty· test section .0016 .0052 . • 0037 -
30 * 30 - 0.303 Empty test. section .0042 .0038 .0042 
-
1t:.Cr. due to camber 
* No plot of wall 0* contours available. 
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TABLE 2 
NACA 0012-64 SECTION 





























NACA SECTION ANALYSIS 
0012-64 
·RUN NO. = 184 
ALPHA := 4.0 
MACH NO. =0.886 
WING DATA FILE NAME = *WING4.DAT 































































































NACA SECTION ANALYSIS 
0012-64 
RUN NO. = 176 
ALPHA = 2.0 
MACH NO. ==0.891 
WING DATA FILE NAME = *WING4.DAT 




























































CL CD CM 






























NACA SECTION ANALYSIS 
0012-64 
FWN NO. == 108 
ALPHA::: 0.0 
MI~CH NO. ~.:O. 866 
WING DATA FILE NAME::: *WING3.DAT 





























































CL CD CM 





























RUN NO.· = 168 
ALPHA = 4.5 
MACH NO. =0.846 
WING DATA FILE NAME = *WING4.DAT 






















































eN 0.5729 -0.2685 0.3044 
ee -0.0154 0.0308 0.0154 
eM -0.2163 0.1645 -0.0518 
AIRFOIL PERFORMANCE 
CL CD CM· 































NACA SECTION ANALYSIS 
0012-64 
HUN NO. = 170 
t-lLF'HA = 4.5 
MtiCH NO. =0.849 
WING DATA FILE NAME = *WING4.DAT 




























O.47'ti2 _.(). 29~J2 
































CL cb eM 


























NACA SECTION ANALYSIS 
0012-64 
RUN NO. = 172 
ALPHA = 2.0 
MI~CH NO. =0.848 
WING DATA FILE NAME = *WING4.DAT 






















































CN 0.4032 -0.3526 0.0506 
CC -0.0082 0.6134 0.0052 
eM -0.1445 0.1664 0.0219 
AIRFOIL PERFORMANCE 
CL CD .CM 































NACA SECTION ANALYSIS 
0012-64 
RUN NO. = 162 
ALPHA = 2.0 
MACH NO. =0.839 
WING DATA FILE NAME = *WING4.DAT 





























































CL CD CM 




























NACA SECTION ANALYSIS 
0012-64 
FWN NO. ::: 100 
ALPHA = 2.0 
MACH NO. =0.84 
WING DATA FILE NAME::: *WING2.DAT 






















































CN 0.4609 -0.3212 0.1397 
CC -0.0082 0.0118 0.0036 
CM -0.1724 0.1471 -0.0253 
AIRFOIL PERFORMANCE 
CL CD - CM 






























NACA SECTION ANALYSIS 
0012-64 
RUN NO. = 136 
ALPHA = o. 
MI~CH NO. =0.84 
WING DATA FILE NAME = *WING3.DAT 

















·-0 t 6074 










O. ~~504 -0,4138 
0.00::,!1 -O!OO~4 




























-,0 + 0003 
9,0034 
AIRFOIL PERFORMANCE 
CL Cp CM 



























NACA SECTION ANALYSIS 
0012-64 
I~UN NO. = 119 
ALPHA = 2.0 
1'1ACH NO. =0.81 
WING DATA FILE NAME = *WING2.DAT 






















































CN 0.4398 -0.2543 0.1856 
CC -0.0150 0.0078 -0.0072 
CM -0.1507 0.1097 -0.0410 
AIRFOIL PERFORMANCE 
CL CD eM 


























NACA SECTION ANALYSIS 
0012-64 
RUN NO. = 188 
I~LPHA = 0.0 
MACH NO. =0.7957 
WING DATA FILE NAME = *WING4.DAT 






















































CN 0.2450 -0.3348 -0.0898 
CC -0.000'7 -0.0127 -0.0134 
CM -0.0941 0.1120 0.0178 
AIRFOIL PERFORMANCE 
CL CD CM 





























NACA SECTION ANALYSIS 
0012-64 
RUN NO. = 105 
ALPHA = 0.0 
MACH NO. =0.7534 
WING DATA FILE NAME = *WING3.DAT 



































































































NACA SECTION ANALYSIS 
0012--6'4 
RUN NO. :: 72 
ALPHA:: 4.0 
MACH NO. =0.7056 
WING DATA FILE NAME:: *WING2.DAT 





























































CL CD CM 





























NACA SECTION ANALYSIS 
0()12-64 
FWN NO. == 63 
ALPHA == 4.0 
Mf~CH NO. =0.702 
WING DATA FILE NAME == *WING1.DAT 







-1 • ~54~33 
---1. :-5645 



















































CL CD CM 






























NACA SECTION ANALYSIS 
0012-64 
RUN NO. = 69 
ALPHA = 3.0 
MACH NO. =0.7012 



























































































NACA SECTION ANALYSIS 
0012-64 
RUN NO. = 65 
ALPHA = 2.0 
MACH NO. =0.7028 
WING DATA FILE NAME = *WING1.DAT 





























































CL CD CM 



























NACA SECTION ANALYSIS 
0012-64 
RUN NO. = 93 
ALPHA = 2.0 
MACH NO. =0.7119 
WING DATA FILE NAME = *WING2.DAT 





















































CN 0.3565 -0.1982 0.1583 
CC -0.0200 0.0060 -0.0140 





































NACA SECTION ANALYSIS 
0012-64 
RUN NO. = 122 
ALPHA = 0.0 
MACH NO.-=0.6979 
WING DATA FILE NAME = *WING3.DAT 































































CL CD eM 






























NACA SECTION ANALYSIS 
0012-64 
RUN NO. = 115 
ALPHA = 6.0 
MACH NO. =0.506 
WING DATA FILE NAME = *WING2.DAT 





























































CL CD CM 































NACA SECTION ANALYSIS 
0012-64 . 
Rur~ NO + == 1.1.2 
I~LPHA :: 4.0 
MACH NO. ==0.507 
WING DATA FILE NAME = *WING2.DAT 
INPUT FILE NO. - 32 
CL 





























































































NACA SECTION ANALYSIS 
0012-64 
F.:UN NO. = 91 
('~LPHA = 2.0 
MACH NO. =0.508 
WING DATA FILE NAME = *WING2.DAT 






















































eN 0.2903 -0.1540 0.1363 
CC -0.0195 0.0041 -0.0155 
eM -0.0950 0.0652 -O~0298 
AIRFOIL PERFORMANCE 
CL CD eM 






























.NACA SECTION AN~LYSIS 
0012-64 
F~UN NO. = 109 
ALPHA = 2.0 
MACH NO. =0.504 
WING DATA FILE NAME = *WING2.DAT 
INPUT FILE NO. - 29 






























































































NACA SECTION ANALYSIS 
0012,-64 
FWN NO. ~.:: 105 
ALPHA::; 0.0 
MACH NO. ==0. !'506 
WING DATA FILE NAME = *WING2.DAT 




























0.2057 '-0. ;!631 































CL CD CM 






























NACA SECTION ANALYSIS 
0012-64 
F,UN NO. :: 89 
ALPHA = 2.0 
MACH NO. =0.3063 
WING DATA FILE NAME = *WING2.DAT 



























































o • 0609' -0.0305 
AIRFOIL PERFORMANCE 
CL CD eM 





























NACA SECTION ANALYSIS 
0012-64 
RUN NO. :: 224 
ALPHA:: 4.0 
MACH NO. ==0.882 
WING DATA FILE NAME:: *WING.DAT 





















-0 + 29;"5;3 
-0.2058 
--0.2676 





-0.0104 O. 0~~82 































CL CD CM 
0.0979 0.0347 0.0520 
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FIGURE 1 
NACA 0012-64 SECTION 
PRESSURE DISTRIBUTIONS AND FORCES 
-1.9 
a 










NACA 0012-64 Section 
a 
RUN NO ALPHA MACH NO 









8 + . 
+ . 
+ a 






































NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
176 2.0 0.891 
EI a + 
iii EI + a + + 
a B + 







-40 6e 86 
B UPPER 
+ LOWER 
CL CD CM 
0.0700 0.0410 0.0091 















NACA 0012-64 Seclion 
RUN NO ALPHA MACH °NO 
108 0.0 0.866 
+ + 
+ + + j + + 
+ B 
B t:I B a- B 
B B 
B B 
B + B 




























+ CL CD CM 
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NACA 0012-64 Section 
RUN NO ALPHA MACH NO 

















































NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
B 
... 
















































NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
a 
+ 
162 2.0 0.839 
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NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
B 
... 
100 2.0 0.840 
a 





















t 1e9 . 
li</C 
CL 


















NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
+ 
B 
136 0.0 0.840 
















































NACA 0012-64 Section 
RUN NO. ALPHA MACH NO 
EJ 
+ 





































NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
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NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
105 0.0 0.753 
+ + + + ... + 
.f-











CL CD -' . eM .~. -. 



















NACA 0012-64 Seclion 
a 
+ 
RUN NO ALPHA MACH NO 
B 
+ 



































NACA 0012-64 Section 
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+ ... ... + ... a 
+ + ... " 
+ + ... 
a ... 
+ a + I 
+ 20 60 80 B'" t00 
+ ~/c 
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CL CD eM 
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NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
B B 
+ + 
93 2.0 0.712 
B 
B B 












































NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
65 2.0 0.703 
S B B 




























CL CD eM 









NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
122 0.0 0.698 
~-----------------------------------C* 
+ 
+ + + + + ... 





















CL CD . CM 
I , 100 
~/c 






NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
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CL CD CM 





















NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
B 
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NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
·8 
91 2.0 0.508 
B B 




CL CD eM 
0.1368 -0.0107 -0.0298 



















NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
B 
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109 2.0 0.504 
B 8 a 8 
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~/C 
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NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
. 105 0.0 0.506 
+ + + + of- + + 







CL CD CM 







NACA 0012-64 Section 
RUN NO ALPHA MACH NO 

























NACA 0012-64 Section 
RUN NO ALPHA MACH NO 
B 
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MACH NUMBER DISTRIBUTIONS ALONG 
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